To improve the mode share of public transport and reduce the transition to private transport of passengers waiting at bus station, the mechanism of passengers' decision-making procedure and influence factors of the travel mode choice were analyzed. Some latent variables such as safety, comfort, convenience, flexibility and economy were selected to reflect the satisfaction degree of passengers on the service level of public transport. Taking Jinan City as an example, the questionnaire of passengers' travel choice behavior at bus station was designed and carried out. Based on the structure equation model (SEM), the relationship between the satisfaction degree and some latent variables such as safety and comfort was discussed. The SEM method analysis shows that, of the influence level of the latent variables to the service level of public transport, flexibility is the most significant variable affecting passenger's satisfaction degree followed by safety, convenience, comfort and economy. Travel mode choice model of passengers waiting at bus station was established with an integration approach of SEM and nested logit (NL) model. The SEM-NL integration model results reveal that gender, monthly income, purpose of the trip, travel distance, safety and convenience service level have a significant effect on the choice of the upper model (public transport or private transport). Passenger's age, vehicle ownership and bus ride frequency have great influence on the choice of the lower mode (ORB: original route bus; ARB: alternative route bus; Taxi; and Shared bike). Sensitivity analysis reveals that the transition probabilities from private transport to public transport can reach the highest point (respectively, 69.85%, 68.84% and 35.51%) when safety service reaches level 4, convenience service reaches level 3, or comfort service reaches level 2, indicating that the safety level equal to 4, convenience level equal to 3 and comfort level equal to 2 are the key threshold to increase the public transport mode share. Some proposals such as ensuring good accessibility of public transport, shortening the transfer distance of different routes, creating a comfortable travel environment and integrating bus ticket system have been put forward for the sustainable development of public transport system.
Introduction
The developed, safe, convenient and sustainable public transport is one of the important signs of urban modernization and civilization [1] . The satisfaction degrees of some bus routes are not high because of low bus service level such as long waiting time at bus station and high average capacity rate [2] . Some passengers waiting at bus station will transfer to other alternative bus routes or other of the passengers waiting at bus station and establish a SEM-Logit integration model to understand how different factors, especially the subjectively perceived latent variables influence travel mode choice behavior.
The rest of the paper is organized as follows. Section 2 analyzes passenger's decision-making procedure of travel mode choice behavior waiting at bus station and its influencing factors. Section 3 provides the methodology of developing and calculating a SEM-NL integration model. In Section 4, case introduction and description of survey data obtained from the public transport questionnaire in Jinan City are preliminary analyzed. Reliability of latent variables and further estimation results of the model are presented, and sensitivity analysis of the key variables are provided in Section 5. Conclusions and suggestions for future research and some proposals for sustainable development of public transport are given in Section 6.
Travel Mode Choice Behavior of Passenger Waiting at Bus station

Mechanism Analysis of Decision-Making Procedure
The cognition and travel decision-making of the bus passenger is a process of continuous learning and repeated adjustment. The travel process of bus passenger can be divided into five steps: (1) plan to travel at origin; (2) arrive at bus station; (3) wait at bus station; (4) get on the bus; and (5) get off the bus and go to the destination. The psychological expectation of passengers at each step is analyzed in Figure 1 . The rest of the paper is organized as follows. Section 2 analyzes passenger's decision-making procedure of travel mode choice behavior waiting at bus station and its influencing factors. Section 3 provides the methodology of developing and calculating a SEM-NL integration model. In Section 4, case introduction and description of survey data obtained from the public transport questionnaire in Jinan City are preliminary analyzed. Reliability of latent variables and further estimation results of the model are presented, and sensitivity analysis of the key variables are provided in Section 5. Conclusions and suggestions for future research and some proposals for sustainable development of public transport are given in Section 6.
Travel Mode Choice Behavior of Passenger Waiting at Bus station
Mechanism Analysis of Decision-Making Procedure
The cognition and travel decision-making of the bus passenger is a process of continuous learning and repeated adjustment. The travel process of bus passenger can be divided into five steps: (1) plan to travel at origin; (2) arrive at bus station; (3) wait at bus station; (4) get on the bus; and (5) get off the bus and go to the destination. The psychological expectation of passengers at each step is analyzed in Figure 1 . Based on consumer behavior theory, passenger's choice behavior in bus station is rational, and the optimal travel mode will be chosen according to the utility maximization hypothesis. Before traveling, passengers will make their own travel plans mentally based on their existing experience, including selecting bus station, routes and departure times. On the way to the bus station, most of them have to make a decision about the bus route and bus station they plan to take. They hope to spend less time reaching their destination without transferring, and walking less from the bus station to the destination. When there is travel information provided, the passenger will further adjust their travel plans in conjunction with acquired information, such as canceling travel, changing departure time or bus routes.
Passengers' waiting psychology and behavior affect their perceptions at bus station [23] . Passengers will have expectations on bus service level (such as waiting time, cabin environment, service value, etc.). The buses are usually operated on specified routes at scheduled time. When the bus service level become lower due to traffic congestion during rush hours, passengers cannot accurately predict the bus arrival time and have to wait before the bus arrival at station. They feel the waiting time at bus station become longer and feel more crowded which make their satisfactions degree lower than before. Passengers waiting at the bus station concentrate on each arrival of the bus. They judge whether it is the one and they have some expectations on each arrival. When the arrival Based on consumer behavior theory, passenger's choice behavior in bus station is rational, and the optimal travel mode will be chosen according to the utility maximization hypothesis. Before traveling, passengers will make their own travel plans mentally based on their existing experience, including selecting bus station, routes and departure times. On the way to the bus station, most of them have to make a decision about the bus route and bus station they plan to take. They hope to spend less time reaching their destination without transferring, and walking less from the bus station to the destination. When there is travel information provided, the passenger will further adjust their travel plans in conjunction with acquired information, such as canceling travel, changing departure time or bus routes.
Passengers' waiting psychology and behavior affect their perceptions at bus station [23] . Passengers will have expectations on bus service level (such as waiting time, cabin environment, service value, etc.). The buses are usually operated on specified routes at scheduled time. When the bus service level become lower due to traffic congestion during rush hours, passengers cannot accurately predict the bus arrival time and have to wait before the bus arrival at station. They feel the waiting time at bus station become longer and feel more crowded which make their satisfactions degree lower than before. Passengers waiting at the bus station concentrate on each arrival of the bus. They judge whether it is the one and they have some expectations on each arrival. When the arrival is not the expected one, it will result in great loss and thus a psychological imbalance, which will give negative feelings to passengers. When this case happens repeatedly, the longer it lasts, the worse passengers' negative feelings and mental performance. Eventually, some passengers waiting at the bus station will choose to end the waiting state.
Since there is a gap between the expectation and the reality of bus service level, when the expected value is higher than the actual value, passengers begin to have discomfort with the actual waiting state that leads to a psychological imbalance state, as shown in Figure 2 . When this psychological imbalance state repeatedly occurs, passengers have the motives to change the unbalanced state and want to reach a psychological balance state [24] . When the waiting time exceeds the psychological expectations of the passengers, some of them will not only choose to transfer to other bus routes, but also choose to transfer to other travel mode such as taxi and carpool [25] .
is not the expected one, it will result in great loss and thus a psychological imbalance, which will give negative feelings to passengers. When this case happens repeatedly, the longer it lasts, the worse passengers' negative feelings and mental performance. Eventually, some passengers waiting at the bus station will choose to end the waiting state.
When the static and dynamic information of buses and road traffic were received, passengers will assess the waiting state according to their personal characteristics, lifestyle, habits and family preferences, as well as their attitude perceptions to waiting environment, psychological and group characteristics, etc. Passengers will intuitively form an intention, make a mode choice decision and update their plan. Hence, the question discussed has changed from bus route decision to mode choice decision. Based on the updated travel plan, the expected travel time was estimated and the next phase of activity was scheduled.
After the trip is completed, passengers will evaluate them based on the situation and update their experience by accumulating experience and further learning. On the next bus travel, passengers can accumulate new learning and experience with the help of travel information based on the updated travel experience. 
Influence Factor and Preference Analysis
The travel mode choice is a complex decision-making procedure, which is affected by many factors, such as passengers' individual characteristics, travel characteristics, and service level of different bus routes, and passengers may choose different travel modes under different situations [26] . It is a kind of commodity consumption and the travel mode choice behavior is essentially a consumer's choice behavior [27] . The individual characteristics of each passenger have an influence on choice behavior, such as gender, education and occupation, which are caused by cultural differences. Passengers often have to face a lot of unknown or uncertain factors in waiting state, where stress emotion dominates, especially when passengers with different trip purposes have some When the static and dynamic information of buses and road traffic were received, passengers will assess the waiting state according to their personal characteristics, lifestyle, habits and family preferences, as well as their attitude perceptions to waiting environment, psychological and group characteristics, etc. Passengers will intuitively form an intention, make a mode choice decision and update their plan. Hence, the question discussed has changed from bus route decision to mode choice decision. Based on the updated travel plan, the expected travel time was estimated and the next phase of activity was scheduled.
The travel mode choice is a complex decision-making procedure, which is affected by many factors, such as passengers' individual characteristics, travel characteristics, and service level of different bus routes, and passengers may choose different travel modes under different situations [26] . It is a kind of commodity consumption and the travel mode choice behavior is essentially a consumer's choice behavior [27] . The individual characteristics of each passenger have an influence on choice behavior, such as gender, education and occupation, which are caused by cultural differences. Passengers often have to face a lot of unknown or uncertain factors in waiting state, where stress emotion dominates, especially when passengers with different trip purposes have some limitations of travel time. It will be relatively obvious and increase their perceived waiting time, and then cause some negative emotions which can affect bus satisfaction degree and passengers' waiting behavior.
In the theory of consumer choice behavior, the satisfaction degree of the consumers with different characteristics can affect their behavior [28] . Personal perception and attitudes are latent variables, which cannot be directly observed and need to be measured by related observed variables. For example, most passengers just judge bus convenience service level by their own satisfaction degree, while it can be described by some observed variables (i.e., departure frequency). Passengers may be satisfied when bus safety service level meets their psychological expectations [29] . Different passengers may have different expectations to the bus service level. Some may expect higher safety level than economy while others expect higher convenience level than comfort. In addition, passengers' satisfaction degree can also be affected by objective environment, such as the weather, the waiting conditions and atmosphere of bus station and facilities.
It became more scientific and reasonable to explain the passenger's travel mode choice in waiting state by introducing the latent variables into the decision-making process. The influence factors of mode choice are discussed in Figure 3 . limitations of travel time. It will be relatively obvious and increase their perceived waiting time, and then cause some negative emotions which can affect bus satisfaction degree and passengers' waiting behavior.
It became more scientific and reasonable to explain the passenger's travel mode choice in waiting state by introducing the latent variables into the decision-making process. The influence factors of mode choice are discussed in Figure 3 . In summary, the influence factors of travel mode choice mainly included passengers' socioeconomic characteristics, family characteristics, travel characteristics and satisfaction degree for public transport service level. All the variables are classified into two parts: explicit variables that can be directly observed and latent variables that cannot be directly observed [30] :

Explicit variables include passengers' demographic and socioeconomic characteristics (i.e., gender, age, monthly income, education level, and vehicle ownership) and trip related characteristics (i.e., trip purpose, travel time, commute distance, frequency of taking a bus, and acceptable waiting time); In summary, the influence factors of travel mode choice mainly included passengers' socioeconomic characteristics, family characteristics, travel characteristics and satisfaction degree Sustainability 2018, 10, 1996 7 of 23 for public transport service level. All the variables are classified into two parts: explicit variables that can be directly observed and latent variables that cannot be directly observed [30] :
• Explicit variables include passengers' demographic and socioeconomic characteristics (i.e., gender, age, monthly income, education level, and vehicle ownership) and trip related characteristics (i.e., trip purpose, travel time, commute distance, frequency of taking a bus, and acceptable waiting time); • Latent variables are mainly passengers' satisfaction degree for public transport services level, and corresponding observational indexes are used to measure these latent variables [31] , including safety (i.e., safety facilities, and personal and property safety), comfort (i.e., neat and tidy degree of the carriage, congestion degree of the carriage, seat comfort, and environment comfort), convenience (i.e., distance between home and bus station, distance between destination and bus station, and departure frequency), flexibility (i.e., waiting time, delay time, and bus operation speed) and economy (i.e., bus travel cost and cost rate in monthly income).
The consideration of the perspective of passengers' needs in the influence factor analysis of travel modes will help us to understand and explain the differences in travel mode choices among passengers with different characteristics in the following text.
Methodology
Due to the complex relationship between latent variables and explicit variables, the travel mode choice usually forms a complex hierarchical structure. It is difficult to explain and analyze passengers' attitudes, perceptions, psychology and the relationship between these latent variables [32] . It cannot be solved by traditional regression analysis method, which requires more accurate path-analysis tools and more parameters estimation and test in the model. SEM is a very flexible linear-in-parameters multivariate statistical modeling technique, which has been widely used for research in transportation studies since the 1980s [33] . It is a statistical method that uses linear equations to represent the relationship between observed variables and latent variables, including measurement model and structural model. It. SEM is the combination of two types of statistical technique: factor analysis and simultaneous equation models, which can handle many exogenous and endogenous variables flexibly, as well as latent variables specified as linear combinations (weighted averages) of the observed variables [34] . The SEM model has some advantages in describing and measuring the correlation between one or several independent variables and dependent variables no matter it is continuous or not, so it was utilized to solve the mode choice behavior model waiting at bus station.
Framework of SEM-Nested Logit Integration Model (SEM-NL)
As discussed in the mechanism analysis of decision-making procedure, passengers waiting at bus station can choose city bus, shared bike and car-hailing services, taxis and so on. The travel mode choice set are divided into public transport and private transport mode. Public transport mode includes original route bus (ORB), alternative route bus (ARB), and private transport mode includes taxi (including taxi, car-hailing service, and carpool), and shared bike. The structure of integrated SEM-Nested Logit model in this paper is shown in Figure 4 . The SEM is mainly used to describe the causal relationship between the latent variables and the corresponding observed variables. The Logit model is used to represent the nonlinear function relationship between the probability of an alternative and the variables that affect the decision.
In summary, when passengers choose their travel mode, they cannot be completely rational and unilaterally determined by some factors such as the comfort of bus facilities and passengers real waiting time. These two factors can be connected by bus service and the irrational qualitative factors indicating that passengers' psychological feelings and expectations should be considered as significant variables into mechanism analysis of passengers' decision-making procedure. Then, what aspect of the bus service level will affect passengers' satisfaction in waiting state? How does it work? Which plays a role? What is the correlation between different aspects of bus satisfaction and passengers' travel mode choice behavior? Next, we need to quantify the relationship among specific bus service situation, bus satisfaction and passengers' travel mode choice.
As discussed in the mechanism analysis of decision-making procedure, passengers waiting at bus station can choose city bus, shared bike and car-hailing services, taxis and so on. The travel mode choice set are divided into public transport and private transport mode. Public transport mode includes original route bus (ORB), alternative route bus (ARB), and private transport mode includes taxi (including taxi, car-hailing service, and carpool), and shared bike. The structure of integrated SEM-Nested Logit model in this paper is shown in Figure 4 . The SEM is mainly used to describe the causal relationship between the latent variables and the corresponding observed variables. The Logit model is used to represent the nonlinear function relationship between the probability of an alternative and the variables that affect the decision. In summary, when passengers choose their travel mode, they cannot be completely rational and unilaterally determined by some factors such as the comfort of bus facilities and passengers real 
Solution Method of SEM-NL Model
According to the factors affecting passengers' travel mode choice behavior, the causal relationship between latent variables of passenger's satisfaction degree and their measured variables is first depicted by SEM and the fitness value of latent variables can be obtained. Then, combined with the maximum utility theory, the utility function of the traditional Logit model is improved to develop a SEM-Logit integration model with latent variables. Finally, taking the survey data obtained from the public transport questionnaire in Jinan City as a case study, the influencing factors of passengers' travel behavior under bus delay on bus station are analyzed. The key factors are used for elastic analysis with a view to enhance passengers' satisfaction degree and the attraction of public transport, to guide passengers to continue to choose bus travel and increase the public transport mode share.
Step 1. Reliability analysis of latent variables In practical research, many things and attitudes cannot be directly measured. Researchers often design a set of questions to indirectly reflect their actual conditions. However, whether these topics can achieve the research purpose requires further analysis through statistical means. The consistency of the questionnaire reflects the correlation among questions, which can be used to judge whether the questions measure the same content. In this paper, α-coefficient (Cronbach's Alpha) as Equation (1) was used to measure the reliability of the survey data [35] .
where s is the number of questions aimed at the same survey objective; var is the variance of the total sample; and var(t) is the variance of the observed sample t.
Step 2. Calculation of the fitness value SEM model contains measurement model and structural model. The measurement model mainly describes the relationship between latent variable and observed variable. The structural model is used to deal with the relationship between latent variables [36] . The load factors Λ yn of latent variables can be obtained by constructing the measurement model of passenger's satisfaction degree. The measurement model is as follows:
where Y is a vector of the observed variable or indicator of latent variable; Λ y is the matrix of the load factor for Y on η ; η is the latent variable, reflecting passengers' satisfaction degree for public transport services level, including safety, comfort, convenience, flexibility and economy; and ε is the error vector of the observed variable y. By converting the coefficient relationship between the latent variables and the observed variables, the fitness value of the satisfaction attribute based on the survey data of observed variables, together with passenger's individual characteristics and trip related characteristics were added into the utility function of different travel mode choice as influencing factors [19] . The specific steps are as follows:
For the measurement model of SEM, taking a latent variable as an example, if it is expressed in vector form, Equation (2) can be converted to Equation (3):
The path coefficients Λ y1 , Λ y2 , . . . , Λ yn of the latent variable η 1 are standardized and regarded as the weights of the observed variables, and the assigned weights are represented as a y1 , a y2 , . . . , a yn .
The fitness value of the latent variables such as safety and comfort in the satisfaction characteristics will be obtained after bringing the value of the observed variables as Equation (5) .
All fitness value of latent variables in passenger's satisfaction degree characteristics can be calculated in the same way.
Step 3. Estimation results of SEM-logit integration model
The theoretical basis of the disaggregate model is the utility maximization behavior hypothesis [37] . That is to say, an individual as a unit of behavior decision-making will choose the most effective one among a set of independent alternatives [38] . If the satisfaction characteristics are added to the fixed item of the utility function in logit model, then:
where X mnk is the kth characteristic variable for passenger n to choose the mth option branch; η mnl is an unobserved latent variable [39] , which can be calculated as the Equation (5); a k , b k are unknown parameters to be estimated; and l is the number of latent variables.
The derivation process and method of NL model remain unchanged in addition to seeing b k x ink + c k η mnl as a whole. Then, the up model is a Logit model with latent variables, and the probability for each choice is as given as Equation (7):
where V (r|m)n is the fixed item of the utility obtained by choosing the low level alternative r under the condition that the passenger n choose the up level alternative m; V mn is the fixed item of the utility that changes only with the up level alternative m, which is irrelevant to the low level alternative r; and V mn is the inclusive value. It shows that a passenger will consider the total utility that can be obtained from the low level alternatives, V mn = Logsum = ln ∑ R mn r=1 e (V (r|m)n ) ; λ logsum is the inclusive value parameter, whose size can reflect the influencing degree of the low level alternatives' utilities on the up level alternatives' utilities.
Case Study
Case Introduction and Description
To obtain the basic information about the travel mode choice behavior of passengers waiting at bus station in China, a survey based on RP and SP method was designed and carried out at different bus stations in the downtown areas of Jinan, which was conducted three times for both peak and off-peak periods from 9 April to 11 April 2017. A total of 188 valid samples were completed with an 85.45% retention rate. The minimum sample size required for SEM is 100 [40] , so it is reasonable to use SEM to analyze the relationship between variables. As shown in Tables 1 and 2 , the survey includes four parts:
• Passengers' basic information on demographic and socioeconomic characteristics includes gender, age, monthly income, education level, and vehicle ownership [41] ; • Travel characteristics include trip purpose, travel time, commute distance (the number of bus station), and frequency of taking the bus (daily, once 2-3 days, weekly, monthly and rarely) [42] ; • Intention investigation includes passengers' acceptable waiting time and travel choice in the case of bus delay [43] ; • Evaluation of passenger satisfaction, the survey data covered five indicator variables reflecting the safety, comfort, convenience, flexibility and economy of bus operation characteristics and services using five-point Likert scale [44] .
Data Analysis
The travel mode choice of passengers' waiting at bus station is shown in Figure 5 . About 59% of the respondents chose to wait for public transport, only 16% of the respondents would wait for ORB, 43% of respondents change to other ARB, and 41% of the respondents will choose to use other private modes. For example, 34% of the respondents will take a taxi. Figure 6 shows the choice results of passengers with different monthly income. As the income increases from <3000 to >10,000, the proportion choosing ORB or shared bike gradually decreases from 34.69% to 0 and from 20.41% to 0, respectively, while taxi and car-hailing demand increases gradually from 4.08% to 75%. The possible reason is that passengers with higher monthly income pay more attention to time cost and travel comfort.
As listed in Figure 7 , rigid trips such as commute or family obligations have higher time and cost requirements, and passengers focus on choosing a more economical and efficient way. For example, 20.83% and 45.83% chose ORB and ARB, respectively; other life trips such as shopping and leisure are more random and have higher comfort requirements, and the proportion of these passenger choosing taxi or shared bike is slightly higher than that of commuter passengers. passengers Passengers' bus ride frequency and acceptable waiting time also have an influence on travel mode choice, as shown in Figure 8 . The results show that the higher bus ride frequency, the greater probability of choosing public transport (ORB and ARB). It also can be seen in Figure 9 that passengers choosing private transport (such as taxi) have shorter acceptable waiting time than passengers choosing public transport. For example, for passengers whose longest acceptable waiting time is 5 or 10 min, 93.55% or more than 50% of the them will choose public transport. Bus travelers generally accept longer waiting times (even more than 30 min). As shown in Figure 10 , 85.11% of passengers daily spend 4-15 min waiting at bus station. When the waiting time is 6-10 min, the proportion of passengers turn to choose the ARB reaches the highest. When the overall bus satisfaction reached level 3, 56.32% of passengers (including 20.69% for ORB and 35.63% for ARB) continue waiting for buses as shown in Figure 11 . When the comfort degree of waiting environment reaches level 4, the proportion is more than 50% in Figure 12 . With the improvement of the overall bus satisfaction and comfort degree, the proportion of public transport gradually increases, showing passengers' travel mode choice in waiting state will be affected by bus service level.
When the overall bus satisfaction reached level 3, 56.32% of passengers (including 20.69% for ORB and 35.63% for ARB) continue waiting for buses as shown in Figure 11 . When the comfort degree of waiting environment reaches level 4, the proportion is more than 50% in Figure 12 . With the improvement of the overall bus satisfaction and comfort degree, the proportion of public transport gradually increases, showing passengers' travel mode choice in waiting state will be affected by bus service level. 
Results and Discussion
Reliability Analysis of Latent Variables
The α-value of each index was calculated by SPSS 22.0 software, as shown in the Table 2 . In general, the higher the alpha coefficient is, the higher the reliability of the survey data is. When α-value is within 0.6-0.7, it means the data reliability is acceptable; when it is within 0.7-0.8, it means the data reliability is high; and, when it is within 0.8-0.9, it means the data reliability is extremely high. The α-value of each variable is greater than 0.7 and the total α-value is 0.910, which indicate that the survey data is reliable [45] . When the overall bus satisfaction reached level 3, 56.32% of passengers (including 20.69% for ORB and 35.63% for ARB) continue waiting for buses as shown in Figure 11 . When the comfort degree of waiting environment reaches level 4, the proportion is more than 50% in Figure 12 . With the improvement of the overall bus satisfaction and comfort degree, the proportion of public transport gradually increases, showing passengers' travel mode choice in waiting state will be affected by bus service level. 
Results and Discussion
Reliability Analysis of Latent Variables
The α-value of each index was calculated by SPSS 22.0 software, as shown in the Table 2 . In general, the higher the alpha coefficient is, the higher the reliability of the survey data is. When α-value is within 0.6-0.7, it means the data reliability is acceptable; when it is within 0.7-0.8, it means the data reliability is high; and, when it is within 0.8-0.9, it means the data reliability is extremely high. The α-value of each variable is greater than 0.7 and the total α-value is 0.910, which indicate that the survey data is reliable [45] . 
Results and Discussion
Reliability Analysis of Latent Variables
The α -value of each index was calculated by SPSS 22.0 software, as shown in the Table 2 . In general, the higher the alpha coefficient is, the higher the reliability of the survey data is. When α -value is within 0.6-0.7, it means the data reliability is acceptable; when it is within 0.7-0.8, it means the data reliability is high; and, when it is within 0.8-0.9, it means the data reliability is extremely high. The α -value of each variable is greater than 0.7 and the total α -value is 0.910, which indicate that the survey data is reliable [45] .
Estimation Results of Passenger's Satisfaction Degree Based on SEM Model
The load factor value of SEM was calculated using AMOS software. The output is listed in Figure 13 , as well as the corresponding test results in Table 3 .
Overall satisfaction degree 3.433
The load factor value of SEM was calculated using AMOS software. The output is listed in Figure  13 , as well as the corresponding test results in Table 3 . Based on the load factor coefficients, the influence degree of latent variable on overall satisfaction degree can be ranked as flexibility, safety, convenience, comfort and economy, from highest to lowest.
The flexibility has the greatest impact on passenger's overall satisfaction degree for service level of public transport, while it scores the lowest in Table 2 , indicating that flexibility is badly in need of improvement in the satisfaction importance matrix. Combined with its specific observed variables, that means delay time during the trip, operation speed of the bus and the waiting time at bus station will significantly affect flexibility service level, and the standardized load factors are 0.761, 0.845 and 0.845 respectively, showing passengers pay more attention to the travel time cost and are more Based on the load factor coefficients, the influence degree of latent variable on overall satisfaction degree can be ranked as flexibility, safety, convenience, comfort and economy, from highest to lowest.
The flexibility has the greatest impact on passenger's overall satisfaction degree for service level of public transport, while it scores the lowest in Table 2 , indicating that flexibility is badly in need of improvement in the satisfaction importance matrix. Combined with its specific observed variables, that means delay time during the trip, operation speed of the bus and the waiting time at bus station will significantly affect flexibility service level, and the standardized load factors are 0.761, 0.845 and 0.845 respectively, showing passengers pay more attention to the travel time cost and are more concerned on the extra time loss in travel process. Bus routes should be set as consistent as possible with the passengers' travel routes, and the input of different capacity should also match the travel demand of the route to improve the overall operation efficiency of the ground bus system, and reduce the free-distance and uneconomical passenger-carrying mileage.
Passenger's satisfaction degree and the attractiveness of public transport can be increased by improving the level of convenience, which can be mainly reflected by distance between home and bus station, distance between destination and bus station, and bus departure frequency. The standardized load factors are 0.673, 0.664 and 0.715, respectively. It reveals that long transfer distance and the resulting long transfer time are main factors preventing passenger' willingness to transfer by public transport. Bus hub should be set up in the better location with direct lines to avoid making a detour, and the transfer distance and bus departure frequency can be shortened by reasonable organization design at the same time.
It is necessary to investigate whether the estimated parameters of the model are statistically significant during the model evaluation. Statistical significance tests were given to the load factors of the latent variable. Taking the second line and the last line in Table 3 as examples:
•
The load factor of the latent variable "safety" to the observed variable "safety facilities" is 0.746, and the C.R. value is 10.948. The corresponding p value is less than 0.001, thus it can be considered that the factor has a significant difference with 0 at 99% confidence level.
•
The load factor of the latent variable "economy" to the observation variable "overall satisfaction degree" is 0.152, and the C.R. value is 2.498. The corresponding p value is 0.013, thus it can be found that the probability of which the factor equals 0 is 1.3% at 95% confidence level.
All other load factors of the latent variables have passed the statistical significance tests except the latent variable "comfort". The significance level of "comfort" on "overall satisfaction degree" is slightly higher, but the p value is 0.095 which is less than the significance level of 10%.
It is necessary to not only test the significance of each load factor, but also to analyze the whole fit accuracy [46] . The main fix indexes have reached compatible standards which indicates a better fit. Common goodness-of-fit [47] measures for a single model are shown in Table 4 . Most SEM programs provide these measures together with their confidence intervals. Generally, the value of RMSEA and RMR for a good model should be less than 0.05 while the CFI, AGIF, CFI, NFI, IFI and TLI should be more than 0.90. The analysis of path coefficients between each latent variable and overall satisfaction shows that they have a positive effect on overall satisfaction. The overall satisfaction can be formulated as Equation (8) .
Overall Satisfaction Degree = 0.213η 1 + 0.154η 2 + 0.204η 3 + 0.320η 4 + 0.152η 5 (8) Each latent variable of SEM can be calculated according to the Equations (2)-(5). The equations of fitness values are given as follows:
η 3 = 0.328Y 8 + 0.324Y 9 + 0.348Y 10 (11)
Estimation Results of SEM-Logit Integration Model
According to the survey data and previous assumptions, the fitness value of each latent variable obtained in Equations (9)- (13), together with passenger's individual characteristics and trip related characteristics, were substituted into the Logit model. Cross-contingency table and correlation analysis were used to filter the survey data [48] . The data are statistically related when r ≥ 0.6, and the data are highly correlated when r ≥ 0.8. The SEM-Nested Logit model was calibrated by Trans CAD software. Table 5 shows the estimation results and related test values.
The goodness of fit ρ 2 is the index of evaluation of disaggregate model, ranging from 0 to 1. The larger the value is, the higher the accuracy of the model is. In practice, it indicates an accurate model when ρ 2 is within 0.2-0.4 [49] . The ρ 2 of the models in Table 4 are 0.527, 0.853 and 0.854, respectively, which shows the accuracy of the model is high and the model can be used to describe the travel mode choice behaviors of passengers waiting at bus station.
For the up level model, the gender factor has a significant impact on mode choice. The ratio of continuing to choose public transport is EXP (1.126083) = 3.083555 times as that of private transport for a male passenger in the case of unpredictable bus arrival time. The coefficient of monthly income and education level is negative which indicates that the passenger with higher monthly income and education level has greater tendency to private transport. When the bus arrival time is unpredictable, passengers traveling for commute or family obligations are more willing to take a taxi or ride a bike compared with passengers for shopping and leisure. The coefficient of acceptable waiting time is positive, which indicates the longer acceptable waiting time is, the more likely to substitute a public transport. The coefficient of safety, comfort and convenience service level are positive, revealing that higher bus satisfaction degrees including safety, comfort and convenience show a higher tendency to choose public transport when traveling.
For the low level model, the vehicle ownership has a significant impact on the results. The ratio of choosing taxi or car-hailing service is EXP (4.233176) = 68.93583 times that of other travel modes for a passenger with private cars in that case. The coefficient of monthly income is positive which indicates that high-income passengers prefer to choose a taxi instead of continue waiting for public transport or cycling to shared bike compared with low-income passengers. The coefficient of trip purpose is positive which means the probability of commuters considering a taxi is EXP (2.820997) = 16.79359 times as that of other modes. 
Sensitivity Analysis of Variables
To quantitatively analyze the impact of various factors on the probability of passengers' mode choices, sensitivity analysis of the variable was developed assuming that other factors in the model remain unchanged. It is usually expressed by the elastic coefficient E, which measures the relative degree of change of the dependent variable caused by the unit change of an explanatory variable, which equals to the ratio of the change rates of these two variables.
For the MNL model, the point elasticity equation is shown in Equation (14) .
For the NL model, the point elasticity Equation is shown in Equation (15) according to Equation (8) .
In the up level model, the point elasticity values and probabilities of public transport were calculated with Equation (14), with the changing level of safety and convenience while the other variables remained unchanged [50] . The results show that the public transport probability is increasing with the rise of both safety and convenience level in Figures 14 and 15 .
When the safety satisfaction is below level 4, the probability of choosing public transport is less than 50%, as shown in Figure 14 , indicating passengers are more willing to choose private transport. The point elasticity value is bigger than 1, which means the probability of choosing public transport is elastic for safety level. When it is above level 4, the probability change of choosing public transport is tiny and the probability of choosing public transport is more than 98%. The point elasticity value is less than 1, which means the probability is inelastic for safety level. When the convenience satisfaction improves from level 2 to level 3, as shown in Figure 15 , the probability of choosing public transport increases rapidly from 16.19% to 85.02%, and the point elasticity decreases from 2.83 to 0.76, indicating that the probability of public transport is elastic for level 2, and then becomes inelastic for level 3. The probability changes little and the point elasticity value is less than 1 from level 3 to level 5 of convenience, indicating it is inelastic.
When the safety satisfaction is below level 4, the probability of choosing public transport is less than 50%, as shown in Figure 14 , indicating passengers are more willing to choose private transport. The point elasticity value is bigger than 1, which means the probability of choosing public transport is elastic for safety level. When it is above level 4, the probability change of choosing public transport is tiny and the probability of choosing public transport is more than 98%. The point elasticity value is less than 1, which means the probability is inelastic for safety level. When the convenience satisfaction improves from level 2 to level 3, as shown in Figure 15 , the probability of choosing public transport increases rapidly from 16.19% to 85.02%, and the point elasticity decreases from 2.83 to 0.76, indicating that the probability of public transport is elastic for level 2, and then becomes inelastic for level 3. The probability changes little and the point elasticity value is less than 1 from level 3 to level 5 of convenience, indicating it is inelastic. Figure 16 shows the transition probability of the passengers transferring from private transport to public transport with the increasing by one level of bus safety, convenience, and comfort service. It can be seen that the transition probabilities reach the highest point, respectively, as 69.85%, 68.84% and 35.51% when safety service reaches level 4, or convenience service reaches level 3, or comfort service reaches level 2, indicating that the safety level equals to 4, convenience level equals to 3 and comfort level equals to 2 are the key threshold to increase the public transport mode share. There are some proposals for sustainable development of the public transport: increasing with the rise of both safety and convenience level in Figures 14 and 15 . When the safety satisfaction is below level 4, the probability of choosing public transport is less than 50%, as shown in Figure 14 , indicating passengers are more willing to choose private transport. The point elasticity value is bigger than 1, which means the probability of choosing public transport is elastic for safety level. When it is above level 4, the probability change of choosing public transport is tiny and the probability of choosing public transport is more than 98%. The point elasticity value is less than 1, which means the probability is inelastic for safety level. When the convenience satisfaction improves from level 2 to level 3, as shown in Figure 15 , the probability of choosing public transport increases rapidly from 16.19% to 85.02%, and the point elasticity decreases from 2.83 to 0.76, indicating that the probability of public transport is elastic for level 2, and then becomes inelastic for level 3. The probability changes little and the point elasticity value is less than 1 from level 3 to level 5 of convenience, indicating it is inelastic. Figure 16 shows the transition probability of the passengers transferring from private transport to public transport with the increasing by one level of bus safety, convenience, and comfort service. It can be seen that the transition probabilities reach the highest point, respectively, as 69.85%, 68.84% and 35.51% when safety service reaches level 4, or convenience service reaches level 3, or comfort service reaches level 2, indicating that the safety level equals to 4, convenience level equals to 3 and comfort level equals to 2 are the key threshold to increase the public transport mode share. There are some proposals for sustainable development of the public transport: 
Probability
Point elasticity
Convenience service level probability point elasticity Figure 15 . Probability and point elasticity of public transport on convenience service level. Figure 16 shows the transition probability of the passengers transferring from private transport to public transport with the increasing by one level of bus safety, convenience, and comfort service. It can be seen that the transition probabilities reach the highest point, respectively, as 69.85%, 68.84% and 35.51% when safety service reaches level 4, or convenience service reaches level 3, or comfort service reaches level 2, indicating that the safety level equals to 4, convenience level equals to 3 and comfort level equals to 2 are the key threshold to increase the public transport mode share. There are some proposals for sustainable development of the public transport:
• Establish an effective and timely network prevention system. It is necessary to strengthen the construction of information sharing platform between public security organization and public transport enterprises, which can timely predict and accurately handle all types of emergencies.
• Provide more safety facilities (e.g., safety hammers, fire extinguishers, and emergency escape devices) and meet the travel needs of disadvantage group. The path analysis of the SEM model shows that the fitness value for Y 1 on η 1 is 0.305 in Equation (9) , which reveals that passengers' travel mode choice behavior can be influenced by safety facilities service level of the public transport.
•
Integrate bus ticket system. Additional charges for transfer also affects the attractiveness of public transport. Passengers' bus travel costs can be reduced through the integration of fares in transition operation design, which is also conducive to multi-level bus routes optimization.
Create a comfortable bus travel environment, including waiting environment at bus station (i.e., comfort sheltering design, abundant passenger information system and necessary waiting hardware facilities), carriage environment (i.e., comfort seats, handrails and overloading is strictly forbidden) and road operating environment (e.g., increase the bus exclusive -roads and improve bus operation speed). The mode share of public transport can be effectively increased by improving its comfort service level.
In the low level model, the influence of travel distance on the probability of choosing ARB was analyzed. The corresponding point elastic value and choice probability value were calculated, respectively, by Equation (15) , as shown in Figure 17 . The point elasticity value is always larger than 1 no matter how travel distance changes. The probability of choosing ARB is elastic for the travel distance and its increase has a great impact on that travel mode. The possible reason is that the longer travel distance, the higher the economic cost. Passengers choosing to transfer to other routes bus can relatively both save some travel costs and time cost in the case of bus delays. devices) and meet the travel needs of disadvantage group. The path analysis of the SEM model shows that the fitness value for on is 0.305 in Equation (9), which reveals that passengers' travel mode choice behavior can be influenced by safety facilities service level of the public transport.  Integrate bus ticket system. Additional charges for transfer also affects the attractiveness of public transport. Passengers' bus travel costs can be reduced through the integration of fares in transition operation design, which is also conducive to multi-level bus routes optimization.  Create a comfortable bus travel environment, including waiting environment at bus station (i.e., comfort sheltering design, abundant passenger information system and necessary waiting hardware facilities), carriage environment (i.e., comfort seats, handrails and overloading is strictly forbidden) and road operating environment (e.g., increase the bus exclusive -roads and improve bus operation speed). The mode share of public transport can be effectively increased by improving its comfort service level.
In the low level model, the influence of travel distance on the probability of choosing ARB was analyzed. The corresponding point elastic value and choice probability value were calculated, respectively, by Equation (15) , as shown in Figure 17 . The point elasticity value is always larger than 1 no matter how travel distance changes. The probability of choosing ARB is elastic for the travel distance and its increase has a great impact on that travel mode. The possible reason is that the longer travel distance, the higher the economic cost. Passengers choosing to transfer to other routes bus can relatively both save some travel costs and time cost in the case of bus delays. 
Conclusions
This study explored the possible causal relationships among the personal waiting behavior, attitudes to bus service satisfaction and travel mode choice of passengers waiting at bus station. The mechanism of passengers' decision-making procedure of travel mode choice waiting at bus station was analyzed. A questionnaire was designed and carried out and the data were analyzed using a SEM-NL methodology. Whether explicit and latent influencing factors have significant impact on passengers' travel mode choice behavior based on the SEM-Logit integration model was verified. SEM method analysis showed that the influence level of the latent variables to the service level of public transport, and the flexibility was the most significant variable affecting bus service satisfaction followed by safety, convenience, comfort and economy.
The results of SEM-NL model reveal that some variables such as gender, monthly income, trip purpose, travel distance, and bus safety and convenience significantly influence the choice of up model (public transport or private transport); some variables such as age, vehicle ownership, and bus ride frequency have great influence on the choice of low level model (ORB, ARB, Taxi and Shared bike). Specifically, for variable characteristics, some important findings have been obtained: Firstly, passengers with higher monthly income and education level are obviously more likely to choose private transport, especially taxi or car-hailing. Secondly, higher bus satisfaction degree including 
The results of SEM-NL model reveal that some variables such as gender, monthly income, trip purpose, travel distance, and bus safety and convenience significantly influence the choice of up model (public transport or private transport); some variables such as age, vehicle ownership, and bus ride frequency have great influence on the choice of low level model (ORB, ARB, Taxi and Shared bike). Specifically, for variable characteristics, some important findings have been obtained: Firstly, passengers with higher monthly income and education level are obviously more likely to choose private transport, especially taxi or car-hailing. Secondly, higher bus satisfaction degree including safety, comfort and convenience shows a higher tendency to choose public transport when traveling. Then, the vehicle ownership has a significant impact on choice results. The ratio of choosing taxi or car-hailing service is approximately 69 times as that of other travel modes for a passenger with private cars in that case. Finally, travel distance was sensitive to ARB, while passengers with longer travel distance would more likely choose ARB. Sensitivity analysis reveals that the more passengers were satisfied with the service level of public transport, the more likely they would be to choose them. It can be seen that the transition probabilities from private transport to public transport reach the highest point (respectively, 69.85%, 68.84% and 35.51%) when safety service reaches level 4, convenience service reaches level 3, or comfort service reaches level 2, indicating that the safety level equal to 4, convenience level equal to 3 and comfort level equal to 2 are the key threshold to increase the public transport mode share.
According to the results of path analysis and sensitivity analysis, public transport must provide a higher service quality to ensure its dominance in transportation and avoid the loss of passenger flow caused by various reasons. Some proposals for sustainable development of the public transport have been proposed considering safety, convenience, comfort, flexibility and economy of bus service level. For example, the mode share of public transport can be effectively increased by ensuring good accessibility of public transport, shortening the transfer distance of different bus routes, and creating a comfortable bus travel environment, including waiting environment at bus station, carriage environment and road operating environment; it is practicable to increase the number of safety facilities on carriage and meeting the travel needs of disadvantage group to enhance passenger's sense of security; and optimizing the public transport network and integrate bus ticket system from the needs of passengers is also indispensable for establishing a better sustainable public transport.
The application of integration model in further examples and practical effects remains to be studied. In the next step, it is practical and reasonable to consider from the charging prices of different travel modes, the weather condition and other latent variables in traveling.
